Substantial resources have been spent to improve pain control for dying patients, and increased opioid administration has been presumed. Oregon has been a consistent leading state in per capita use for morphine for the past 10 years, as recorded by the Automation of Reports and Consolidated Orders System (ARCOS). Health policy experts, extrapolating from World Health Organization methods, have suggested these data are indicative of the quality of end-of-life care in Oregon. To determine whether trends in opioid prescription at the state and national levels reflect increased opioid use for inpatients during the final week of life, chart reviews were conducted to record all opioid medications administered in the last week of life to 877 adult inpatients who died from natural causes between January 1, 1997 and December 31, 1999. Inpatient morphine use did not increase significantly for dying patients from 1997 to 1999. However, overall morphine use for both Oregon and the United States as measured by ARCOS data increased significantly. Comparisons revealed no significant difference between linear trends for Oregon and U.S. morphine use, but both were significantly greater than the dying inpatients. This pattern was also found for all other opioids. These findings suggest that ARCOS data do not necessarily provide information about opioid use for specific subpopulations of patients and raise questions about the meaning of observed increases in ARCOS data. 39 
INTRODUCTION
A DEQUATE PAIN MANAGEM ENT is vital to quality end-of-life care. 1 Opioid analgesics are a mainstay in the treatment of moderate to severe pain for patients who are dying. 2 Their efficacy in managing pain has been demonstrated in controlled studies and meta-analyses in patients with cancer and other painful conditions, and studies of the World Health Organization (WHO) cancer pain treatment protocol confirm that treatment is effective in as many as 90% of cancer patients. 3 However, despite the existence of proven, efficacious therapies, many dying patients continue to experience significant pain. 3, 4 The SUPPORT study found that 50% of seriously ill patients hospitalized in five academic medical centers were reported to be in moderate to severe pain during the last 3 days of their lives. 5 Over the past decade, substantial resources have been directed toward improving the care of dying patients, with specific efforts aimed at pain management. However, measurement of the degree to which these strategies have been effective in decreasing pain in the dying is challenging. Trends in total opioid purchasing are one surrogate measure of efforts to improve pain management. The WHO regards a country's morphine purchasing to be an important indicator of the progress of its worldwide effort to improve can-cer pain relief. 6 Within the United States, this thinking has been extrapolated to the state level. A recent New England Journal of Medicine Health Policy Report 7 favorably characterized palliative care in Oregon, citing the fact that Oregon ranks first among the states in medical use of morphine as one piece of support.
However, it is unclear whether trends in a state's total medical opioid use, as reflected by purchasing data, can be used as an indicator of efforts to improve end-of-life care. Opioids can be used for a range of purposes and it is not possible within existing data to identify how much of the opioids used are actually administered to dying patients. In order to determine whether trends in opioid use are reflective of pain management for dying patients, we conducted a chart review to extract information about the type and amount of opioids administered to dying hospitalized inpatients at an academic medical center during the last week of life over a 3-year period. These data were then compared with statewide and national trends in medical opioid use to better understand the relationship between trends in opioid use and opioid administration to the dying.
METHODS

Setting
Oregon Health & Science University (OHSU) is an urban, academic hospital with 411 beds. Since 1995, OHSU has had both a palliative care team and two pain services. The University has a diagnostically and geographically diverse patient population with approximately one third of all patients referred from outside the Portland metropolitan area. 8 
Procedures
After approval from the Institutional Review Boards at both OHSU and the Oregon Department of Human Services, OHSU hospital death logs were used to identify adults who died in the hospital between January 1, 1997 and December 31, 1999. In collaboration with the Oregon Department of Human Resources, this information was used to pull each death certificate. Deaths caused by accident, homicide, suicide, undetermined causes under investigation, or in emergency departments were excluded from the sample.
Sample
The OHSU medical records department located complete medical records for all but 11 of the 900 deceased patients. Another 9 patients were eliminated from the sample because they received epidural opioids. Patients given medication via this route were excluded because there is no clear consensus on the relative potency of oral and epidural opioids. Furthermore, as epidural opioids are from 10 to 100 times more potent than intravenous medications, the amounts of opioids excluded from our totals (measured in grams) are comparatively miniscule. 9, 10 An additional 3 patients were eliminated because data were inadvertently collected for more than 7 days. This left a sample of n 5 877, 97.4% of all potentially eligible decedents.
Data sources
OHSU inpatient data. Once each record was located, demographic data from the death certificate were recorded onto a data collection form and the death certificate was then shredded to protect the anonymity of the decedent. Patient characteristics are presented in Table 1 . All data collection was conducted by a clinical pharmacist (J.B.). The exact time of death was used in combination with the date and time of admission in order to determine the precise time period included in the chart review. For patients who died less than a week after admission to an inpatient unit, opioid data were recorded for their entire stay. For patients who died after more than 1 week as an inpatient, opioid data were recorded for the 7 days (168 hours) prior to death. The total amount of opioid administered each calendar day was recorded onto a data collection form and converted individually into oral morphine equivalencies.
Oregon and United States medical use data. The U.S. Drug Enforcement Administration collects and reports all Schedule II opioids purchased for medical use by retail pharmacies, hospitals, and physicians across the United States through the Automation of Reports and Consolidated Orders System (ARCOS). 11 These data are reported quarterly for all opioids used in grams per 100,000 population. Quarterly totals reflect the total amount of drug in grams without any conversions performed to take formulation (and differences in potency) into account. This is important to note because oral/sublingual formulations of medications may require higher amounts of medication to achieve the same effect as intravenous/subcutaneous formulations. For example, 30 mg of oral morphine has approximately the same potency as 10 mg of intravenous morphine. 3 However, in the ARCOS data, 300 mg of oral morphine and 100 mg of intravenous morphine would be added together and presented as 400 mg (or 0.4 grams) of morphine used.
Oregon and United States opioid medical use data from January 1, 1997 to December 31, 1999 were used in the analyses. It should be noted that opioids used to treat dying hospitalized patients at OHSU would have been included in overall use totals as reflected by the United States and Oregon medical use data. Also, Oregon is one of the states included in the United States ARCOS medical use data.
Data analysis
In order to compare pain medication trends over time, several steps were taken to facilitate comparison between these three data sets (OHSU inpatient use, Oregon medical use, United States medical use). First, the total number of milligrams of each opioid administered to OHSU inpatients was added together by drug, irrespective of formulation, similar to the way that Oregon and United States medical use data are calculated. This step was necessary to achieve as similar a unit of analysis as possible between the three data sets.
Second, opioids in the OHSU inpatient data, Oregon medical use data, and United States medical use data were converted into oral morphine equivalencies using an equianalgesic table (Table  2) . Because the calculated totals for each drug were not formulation-specific, the most commonly administered formulation (based on OHSU inpatient data) was assumed in making conversions to oral morphine equivalencies for drugs available in more than one formulation. Table 2 shows equianalgesic potency conversions and provides a reference to convert one medication given by a specific route to the equipotent amount of another given by the same or different route. For example, 60 mg of oral morphine is equivalent in potency to 20 mg of parenteral morphine, 15 mg of oral hydromorphone, or 600 mg of oral meperidine. Similarly, 60 mg of oral morphine would be equivalent in potency to 3 mg of intravenous hydromorphone, or 0.2 mg of parenteral fentanyl. Methodologic uncertainties surrounding equianalgesic dosing were minimized by using the same conversion ratios for each data set. 12, 13 Third, to compare changes over time in the three data sets, OHSU inpatient data were converted to grams per 100,000 dying hospitalized patients, similar to the Oregon and United States medical use data. The total amount of drugs per quarter in oral morphine equivalencies was divided by the number of patients per quarter and multiplied by 100,000 to obtain the total grams per 100,000 population. Statistics. Data were analyzed using SPSS 11.0 (SPSS Inc., Chicago, IL). We were specifically interested in comparing morphine to all other opioids in the study. Using this approach, we were able to calculate the total amount of morphine (in oral morphine grams per 100,000 population) and all other opioids (in oral morphine grams per 100,000 population). After initial inspection of means, regressions were performed. The slope was used to assess whether changes over time were statistically significant in each of the three data sets. Pairwise R to Z transformations, in which the regression correlation for each set of data serves as the basis of comparison, were used to determine whether the linear trends for each data set were significantly different from each other. 14 The regression correlation was used as the basis of comparison rather than the slope, because slopes are affected by the standard error while regression correlations are not. The a was set at p , 0.05 for these analyses. The opioids included in this study were morphine, fentanyl, hydromorphone, meperidine, methadone, oxycodone, and sufentanil. Alfentanil, tramadol, and propoxyphene were excluded from analyses because each drug was administered to fewer than four OHSU inpatients over the 3-year study period. Linear trends for morphine use are graphically displayed by quarter over the 3-year period in Figure 1 . Standard units were used because, as expected, the grams of morphine per 100,000 population were very different for the OHSU inpatient data (average for first quarter of 1997 5 1816 grams per 100,000 population) as compared to the statewide Oregon (average first quarter of 1997 5 690 grams per 100,000 population) and United States data (average first quarter of 1997 5 494 grams per 100,000 population). In order to aid in interpretation, the standardized values were centered on time 1. Regressions were also performed with all other opioids in the study (fentanyl, hydromorphone, hydrocodone, meperidine, methadone, oxycodone, and sufentanil) in oral morphine equivalency as the dependent variable and time period (n 5 12 quarters) as the independent variable. There was no significant change in the amount of other opioids administered to dying OHSU inpatients over the 3 years (b 5 0.161, p 5 0.616), although there was a nonsignificant upward trend over time. As with the morphine data, there was also a significant increase over time in the amount of other opioids used in Oregon (b 5 0.957, p , 0.001) and in the United States (b 5 0.991, p , 0.001).
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Analysis indicates that the linear trend for OHSU inpatient use of other opioids was significantly different from the linear trends for both Oregon use of other opioids (z 5 23.8, p , 0.001) and United States use of other opioids (z 5 25.3, p , 0.001). However, there was no difference between the linear trends for Oregon use of opioids and United States use of opioids (z 5 21.5, p 5 0.07). Thus, overall medical use of opioids increased over the 3-year period in Oregon and the United States but remained stable at OHSU.
Linear trends for opioids are graphically displayed in Figure 2 . Standard units were used because, as expected, the grams per 100,000 population were very different for the hospital data (e.g., average for first quarter of 1997 5 85,895 g per 100,000 population) compared to the Oregon (average first quarter of 1997 5 2420 g per 100,000 population) and United States data (average first quarter of 1997 5 2323 g per 100,000 population). In order to aid in interpretation, the standardized values were centered on time 1.
DISCUSSION
Morphine use increased significantly in Oregon and the United States from 1997 to 1999. However, there was no significant increase in the amount of morphine administered to dying inpatients in our sample. The stable use of morphine could not be accounted for by a switch to other opioid agents, because like morphine, the trend for other opioids administered to dying inpatients was also relatively flat despite significant increases in use reflected in US and Oregon AR-COS data.
Why is statewide Oregon use of opioids increasing while opioid use for dying inpatients at an Oregon hospital is not? It is possible that increasing state opioid use reflects increased prescriptions to other patient populations, such as those with chronic pain or postsurgical patients. Another possibility is increasing diversion, though a study in Wisconsin between 1986 and 1990 found no evidence of increased diversion despite increases in morphine of 160% during that time period. 6 It is also possible that the inpatients in this sample were already receiving aggressive pain management and receiving the maximally necessary amounts of opioids. Self-reports by Oregon physicians indicate many were spurred into action in part by the 1994 vote to legalize physicianassisted suicide and voluntarily sought classes to improve their palliative care skills before the time period covered in this survey. 15 Alternatively, dying inpatients may not be benefiting from increased statewide medical use of opioids because of the effects on prescribing of a complex political environment in Oregon surrounding end-of-life care issues. 16 In one survey of recently bereaved Oregon family members, family reports of moderate and severe pain increased in late 1997, following a second vote to legalize physician-assisted suicide. 17 When physicians and nurses were asked to explain the increase in family reports of pain, suggested reasons included increased family awareness of pain (endorsed by 96%), decreased physician prescribing of opioids (endorsed by 66%), and decreased nurse administration of opioids (endorsed by 57%). Fears of investigation were the most commonly cited reasons for decreased prescribing and administration. 18 Although Oregon had a historical reputation for aggressive investigation of over prescription of opioids, the Oregon Board of Medical Examiners announced its intent to investigate the under-treatment of pain as aggressively as the over-treatment of pain in 1998. 19 Regardless of the reasons for the discrepancy between an academic hospital and ARCOS data, these findings suggest that the ARCOS data alone do not provide adequate information about pain trends for specific patient populations. This is not surprising given that the ARCOS system was designed to monitor the legitimate distribution of controlled substances, not to assess the quality of clinical care. 20 The ARCOS data contains the total amount of opioids purchased by pharmacies and hospitals, not necessarily actual use by specific patient populations. 11 The study has limitations that are important to note. First, the data on opioids administered to dying patients are from a single urban academic acute care health center in one state. There are no comparable data available about trends in opioid use in the final week of life for those dying in other hospitals or in community settings. This is particularly relevant in Oregon, which has among the lowest in-hospital death rates in the country. 21 It is possible that changes occurred in opioid administration to those dying at home and in longterm care facilities but not in the hospital where this study was conducted. These limitations affect the generalizability of findings. Second, the 3-year time frame may have limited the ability to identify changes in this single hospital that might be detectable over a longer time period. Third, in order to compare trends over time, state and national medical use data were compared to inpatient administration data. Changes were made to make these data sets as similar as possible, but this cannot change the fact that the data measure different (though related) constructs. 
